The median urinary iodine concentration (UI) in school-aged children is recommended for assessment of iodine nutrition in populations. If the median UI is adequate in school-aged children, it is usually assumed iodine intakes are also adequate in the remaining population, including pregnant women. But iodine requirements sharply increase during pregnancy. In this study, our aim was to measure UI in pairs of pregnant women and their school-aged children from the same family, who were sharing meals, to directly assess whether a household food basket that supplies adequate iodine to school-aged children also meets the needs of pregnant women. UI was measured in spot urine samples from pairs (n = 302) of healthy pregnant mothers and their school-aged children in metropolitan Bangkok, Thailand. A dietary questionnaire was completed. frequency of seafood meals was a significant predictor of UI in both groups, but household use of iodized salt was not. These data suggest the median UI in school-aged children should not be used as a surrogate for monitoring iodine status in pregnancy in central Thailand; pregnant women should be directly monitored.
Introduction
Iodine deficiency causes a broad spectrum of adverse health effects that result from inadequate thyroid hormone production, termed the iodine deficiency disorders (IDD) (1, 2) . The fetus is particularly vulnerable and in utero iodine deficiency can cause irreversible cognitive and motor deficits (3, 4) . Iodine requirements sharply increase during pregnancy because of the transfer of iodine and thyroid hormone to the fetus, an increase in maternal needs for thyroid hormone, and a likely increase in maternal renal iodine clearance (4) . Thus, recommended iodine intakes during pregnancy are 250 mg/d compared with 150 mg/d for nonpregnant women (1) . The corresponding median urinary iodine concentration (UI) that indicates optimal iodine nutrition increases from 100-199 mg/L 6 in nonpregnant women to 150-250 mg/L during pregnancy (1) .
Although pregnancy is a critical time to optimize iodine and IDD monitoring should include pregnant women, measurements in school-aged children are often used for assessment of IDD in populations because of the vulnerability of children to iodine deficiency (5, 6) and easy access in school-based surveys (1) . Most national or subnational IDD surveys have been conducted in school-aged children (7) and if the median UI in school-aged children is 100-199 mg/L, it is generally assumed that all population groups, including pregnant women, have adequate iodine nutriture (1) . However, recent cross-sectional surveys have suggested this assumption may not be valid (8) (9) (10) (11) (12) .
To clarify this issue, measuring UI from pairs of pregnant women and their school-aged children from the same family would be valuable. The value of matched pairs within a family is that both groups share most meals from the same household food basket. Thus, a study of pairs can directly assess whether a diet that supplies adequate iodine to school-aged children also meets the needs of pregnant women in the household.
In Thailand, although~66% of households use iodized salt, recent surveys have suggested iodine status in pregnancy may not be optimal (13) . Therefore, our study question was: if the median UI is adequate in school-aged children, can one assume the median UI is also adequate in pregnant women? If so, then the median UI in school-aged children could continue to be used as a surrogate for monitoring iodine status in pregnancy; if not, then pregnant women would need to be directly monitored.
Subjects and Methods
The study was carried out in Bangkok, Thailand and the surrounding metropolitan area. To recruit families with a range of socioeconomic backgrounds, pregnant women were consecutively recruited from 2 large antenatal clinics in central Bangkok (Ramathibodi Hospital and Rajavithi Hospital), a small district hospital (Putthamonthon Hospital), and in 3 factories in the city suburbs. We aimed to recruit a sample of 300 women and their children to assess iodine status in the 2 groups using spot urine samples (14) . Inclusion criteria (assessed by self-report) were: 1) confirmed pregnancy; 2) in good general health without thyroid disorders, other chronic illnesses, or medications; 3) no history of iodine supplement use by the family; and 4) at least 1 child 5-14 y old living and sharing meals in the same household.
Once enrolled, the women completed a questionnaire that included: 1) age of mother and child; 2) sex of the child; 3) gestational age (at the hospital clinics, this was taken from the hospital record, based on the date of the last menstrual period; at the factories, this was by self-report from the mother); 4) parity; 5) monthly income of the family (this figure was used to estimate socioeconomic status); 6) number of meals shared with the child per day; 7) whether more salt or more fish sauce was used in the household (these 2 condiments are used widely in Thailand, but fish sauce is not iodized and only a portion of table salt is iodized); 8) estimated household consumption of salt; and 9) frequency of household seafood consumption per week: never, 1-2 times, 3-4 times, or .4 times.
A spot urine sample was collected from each woman at the clinic or the factory and from the child at the home. Laboratory analyses. The urine samples were transported on ice to the Institute of Nutrition of Mahidol University, divided into aliquots, and stored at -208C until analysis. At Mahidol, the iodine concentration in urine was measured using the Pino modification of the Sandell-Kolthoff reaction (15) . The intra-assay CV at a mean UI of 72 and 242 mg/L (n = 10 each) was 7.1 and 1.5%, respectively. External control was provided by the Laboratory of Human Nutrition at the Swiss Federal Institute of Technology Zü rich using the same method and the interlaboratory CV (percent) at a mean UI of 100 mg/L and 212 mg/L (n = 10 each) was 7.6 and 6.1%, respectively. Values in the text are means 6 SD or, if not normally distributed, are medians (ranges). Because UI values in both women and children were skewed to the right, for both the primary and secondary outcomes, Mann-Whitney tests were used for comparisons with a Bonferroni correction, when needed. Proportions were compared using chi-square tests. We performed Spearman correlations to look for associations. In the Mann Whitney and Bonferroni tests, P-values , 0.05 and , 0.005, respectively, were considered significant.
Results
We recruited 302 pairs of pregnant women and their schoolaged children; the refusal rate for participation in the study was
third trimester and 77% of families reported using household salt labeled as iodized ( Table 1) . About 50% of the pairs shared 3 meals per day and 50% shared 1 to 2 meals per day. The median UI (range) in the pregnant women was 108 (11-558) mg/L and the median UI in their school-aged children was 200 (25-835) mg/L; these were significantly different (P , 0.001). Whereas only 14.2% of the school-aged children had a UI value , 100 mg/L, 69.2% of pregnant women had a UI value ,150 mg/L (Fig. 1) . There was a modest positive correlation between the UI of pregnant women and their school-aged children (r = 0.253; P , 0.01) that was stronger in the 50% of women and children who shared 3 meals/d (r = 0.426; P , 0.001).
Using the formula of the U.S. Institute of Medicine (16) to estimate iodine intakes from UI and body weight in children 7-15 y old, a median of 200 mg/L in Thai children with a mean age of 7.7 y and a mean body weight at this age of~26 kg (17) would correspond to a median iodine intake of 130 mg/d. Assuming a daily urine volume of 1.5 L and 92% dietary iodine bioavailability in the pregnant women, their median UI of 108 mg/L would correspond to a daily iodine intake of~170 mg (16). The median (range) UI of the pregnant women in the first, second, and third trimesters was 102 (19-506) mg/L, 122 (12-482) mg/L, and 106 (11-558) mg/L, with no difference in UI between trimesters (P = 0.64). Maternal age and parity were not predictors of UI (P = 0.45), nor was socioeconomic level of the family (P = 0.49). The median UI in pregnant women and school-aged children who ate 0, 1-2, 3-4, and .4 seafood meals/wk were 58 and 157 mg/L, 107 and 201 mg/L, 110 and 228 mg/L, and 116 and 180 mg/L, respectively. The families who ate 1 or more seafood meals/wk had higher UI values in both pregnant women and school-aged children than in families that ate none (P , 0.05). The UI values comparing families who ate between 1 and .4 seafood meals/wk did not differ (P = 0.24).
UI concentrations did not differ between women and children from families who used iodized salt and those from families that did not (P = 0.29), between women and children recruited at the hospital clinics and those recruited at factories (P = 0.51), between women and children who consumed more salt and those who consumed more fish sauce (P = 0.27), or between children who consumed all 3 meals at home with their mother and those who consumed 1 or 2 of their meals outside the home (P = 0.38).
Discussion
Despite sharing a common household food basket, the median UI in our school-aged children was nearly double that of their pregnant mothers (P , 0.001). According to the WHO criteria for assessing iodine nutrition, the median UI in our schoolaged children (200 mg/L) indicated optimal iodine nutrition, at the top end of the recommended range (1). Additionally, in iodine-sufficient school-aged children, no more than 20% of UI values should be below 50 mg/L (1); in our children, only 2% had a UI value below this cut-off. Thus, both the median UI and the distribution show clear iodine sufficiency in school-aged children in the metropolitan Bangkok area. In sharp contrast, the median UI of 108 mg/L in pregnant women from the same households indicated a clear iodine deficiency (1) 
Several recent studies have suggested suboptimal iodine status in pregnant women from areas with only partial household coverage with iodized salt, such as Italy, India, and the US (8) (9) (10) (11) (12) . Our study confirms these previous findings and demonstrates a similar relationship within families eating from the same household food basket. In contrast, countries with longstanding, successful iodized salt programs (China, Iran, and Switzerland) have reported an optimal median UI in pregnant women (19) (20) (21) (22) (23) .
The most likely explanation for why Thai school-aged children (200 mg/L) had a sharply higher median UI than their pregnant mothers (108 mg/L) is that dietary iodine intakes in both school-aged children and pregnant women are in the range of 130-170 mg/d. If so, the median UI concentration in primary school-aged children with smaller daily urine volumes would be higher than that of pregnant women with higher water intakes and greater urine volumes.
The median 24-h urine volume for children 7-15 y old is~0.9 mL/(h·kg) (24) . Based on a mean body weight of 26 kg (17) at this age in our children, their 24-h urine volume would be~600 mL. In contrast, the 24-h urine volume for adult women is~1.5 L and is likely higher in pregnancy (25) . Thus, dietary iodine intakes of 130 mg/d are sufficient for the children and this will be reflected in a median UI . 100 mg/L indicating adequate iodine intake (1). But their pregnant mothers would need to consume substantially more iodine-containing foods from the household food basket to attain their recommended iodine intake for pregnancy of 250 mg/d and thereby achieve the recommended median UI of .150 mg/L (1). However, we can only assume daily urine volumes varied between the women and children in this study, because we did not measure 24-h urine volumes and there are no available data from other comparative studies of children and pregnant women in Thailand.
Our findings suggest several ways that iodine intakes could be increased in Thai pregnant women. Thai iodized salt legislation recommends iodization of salt that is sold directly to the consumer, but it is not legally binding (18) . The legislation could be modified to recommend iodization of salt used for food processing and specifically for fish sauce production (16, 26) . Regular consumption of seafood products (27) , if not contaminated by heavy metals (28) , should be encouraged during pregnancy. Alternatively, targeted iodine supplementation of pregnant women may be preferable in this setting.
There are several limitations to our study design. The use of iodized salt was self-reported rather than collected and directly tested by titration. The findings would be more convincing had a larger proportion of meals been shared between mothers and their children and if additional biochemical measures of iodine status were measured in the pregnant women. Also, it would have been useful to have a nonpregnant control group to help ascertain whether lower UI concentrations during pregnancy could be attributed to pregnancy itself or to different dietary choices between adults and children in this population. Although we enrolled a sample of 300 women and their children to assess iodine status in the 2 groups using spot urine samples (14) , this sample size may have not been adequate to make comparisons among subgroups of the populations, and this may have introduced a b error to some of the comparisons. Finally, this was a convenience sample and it is possible the sample was not representative of middle-income families in the region.
Our findings indicate that in this region of Thailand, the median UI in school-aged children may not be an adequate surrogate for monitoring iodine nutrition in pregnant women. These data need to be confirmed in other populations with varying dietary habits and iodine intake but suggest adequate monitoring of IDD in populations should include specific monitoring of pregnant women.
